The present study investigates the role that preexisting knowledge of structural regularity plays in episodic recognition. Though most research on this topic has focused on knowledge that is meaningful in nature (e.g., Craik & Tulving, 1975) , not all forms of human knowledge directly involve meaning. For example, people have knowledge of the structural regularities of stimuli (e.g., Dell, Reed, Adams, & Meyer, 2000; Polk & Farah, 2002; A. S. Reber, 1967) , such as the fact that hension is an orthographically regular nonword. Researchers have long pondered the potential utility of such knowledge, some surmising that it may serve to facilitate the perception of otherwise novel information (e.g., Henderson, 1982; Seidenberg & McClelland, 1989) . The results reported here suggest that knowledge of structural regularity may have an additional useful purpose: It may serve as a vehicle for remembering particular instances of newly encountered information.
The Role of Structural Knowledge in Perception
People can more easily identify rapidly presented letter strings if the letters are part of a regular pseudoword than if they are part of an orthographically unstructured nonword (e.g., Baron & Thurston, 1973 ; see Henderson, 1982 , for a review). Such benefits of adherence to a known structural regularity on perception are not limited to nonword stimuli. Miller and Isard (1963) showed that grammatically structured strings of words (e.g., "Colorless yellow ideas sleep furiously") were more identifiable through background noise than were grammatically unstructured strings of words (e.g., "Boots shady callously argue bright"). Also, Schacter, Cooper, and Delaney (1990) showed that structurally possible novel objects could be more accurately judged as such after prior presentation than structurally impossible novel objects (though see Ratcliff & McKoon, 1995 , for an alternative account of their findings).
The Role of Structural Knowledge in Episodic Memory for Novel Items
The role that knowledge of structure plays in episodic memory is less clear. One possibility is that adherence to a known structural regularity will benefit episodic memory for an otherwise novel stimulus. We refer to this idea as the structural regularity hypothesis. Some early evidence suggests that episodic recall benefits from structural regularity; Aborn and Rubenstein (1952) and Rubenstein and Aborn (1954) found that the ability to recall earlier presented sequences of nonsense syllables was better when the sequences adhered to a previously learned regularity than when the sequences were random. Miller (1958) found a similar pattern with sequences of letters; those adhering to a learned structural regularity were better recalled than those that were randomly generated. Adherence to a known structural regularity may also benefit episodic recognition memory for a stimulus; Schacter et al. (1995) showed that structurally possible novel objects were better recognized on a later episodic recognition test than structurally impossible novel objects.
Despite the aforementioned empirical support for the structural regularity hypothesis, the hypothesis is at odds with some findings from a study by Whittlesea and Williams (1998) , who compared false-alarm rates for words (e.g., peacock), orthographically regular nonwords (e.g., hension), and orthographically irregular non-words (e.g., stofwus) on a test of episodic recognition. Whittlesea and Williams found a higher false-alarm rate for regular nonwords than for words or irregular nonwords. The finding of a higher false-alarm rate for regular nonwords than for words is known as the pseudoword effect (Greene, 2004) and does not conflict with the structural regularity hypothesis, as it does not involve a comparison between two types of nonmeaningful stimuli (structurally regular vs. irregular). However, the finding of a higher false-alarm rate for regular than for irregular nonwords (hereinafter referred to as the hension effect) is the opposite of what would be predicted by the structural regularity hypothesis.
The hension effect is a frequently cited piece of evidence for the discrepancy-attribution hypothesis (e.g., Greene, 2004; Kelley & Rhodes, 2002; Lloyd, Westerman, & Miller, 2003; Oppenheimer, 2004; Whittlesea, 2002; Whittlesea & Williams, 1998 , 2001a , 2001b . The discrepancy-attribution hypothesis states that recognition judgments are based on attributions, which are in turn based on both the fluency with which a test item can be processed and the context in which that perceived fluency occurs. Context is essential to the discrepancy-attribution framework; it is argued that processing a stimulus with greater fluency will tend to be attributed to prior occurrence if the perceived fluency is somehow surprising within its context. For example, seeing a familiar face outside of its usual context (i.e., the classic "butcher on the bus" phenomenon described by Mandler, 1980) should lead to a surprising sense of fluency that one may attribute to a prior encounter with the face; seeing a familiar face within its usual context should not lead to a surprising sense of fluency, because its fluency would be expected in that context.
The hension effect supports the discrepancy-attribution hypothesis in the following way. Though actual words should be processed fluently, their fluency should be unsurprising because the fluency of real words can be attributed to the fact that they are words; thus, according to the discrepancy-attribution hypothesis, false-alarm rates should be lower for actual words than for orthographically regular nonwords. With orthographically regular nonwords the fluency (relative to irregular nonwords) is surprising because it cannot be attributed to the fact that the items are words; therefore, the fluency of regular nonwords is attributed to study status. Whereas the hension effect supports the discrepancy-attribution hypothesis, it is at odds with the structural regularity hypothesis, which predicts that recognition memory should be better for structurally regular nonwords than for irregular nonwords.
Given the opposing predictions of the discrepancy-attribution hypothesis and the structural regularity hypothesis with regard to recognition of structurally regular versus irregular novel items, a goal of the present study was to determine which circumstances will lead to an increase in false alarms for structurally regular items on tests of recognition and which circumstances will instead lead to improved old-new discrimination for these items. A first step toward investigating this question is to examine the generality of the hension effect.
Experiments 1a, 1b, and 1c
Experiments 1a, 1b, and 1c of the present study examined the generality of the hension effect by investigating the role of adherence to structural regularity in recognition memory for three different classes of stimuli: word strings, visual objects, and letter strings. Experiment 1a examined whether grammatically structured nonsense strings might give rise to the same sense of surprising fluency that is said to result from orthographically regular nonwords; grammatically structured nonsense strings should be perceived more fluently than grammatically unstructured nonsense strings (e.g., Miller & Isard, 1963) and thus may result in an analogue to the hension effect. Experiment 1b examined an analogous situation in the realm of object recognition by comparing pictures of actual objects, pictures of structurally possible novel objects, and pictures of structurally impossible novel objects. Finally, Experiment 1c compared the words, orthographically regular nonwords, and orthographically irregular nonwords used by Whittlesea and Williams (1998) Materials. For Experiment 1a, 180 word strings were modeled after those used by Miller and Isard (1963) , and nouns and verbs were not repeated across stimulus categories. Three categories, each containing 60 word strings, were created (see Figure 1 for examples). Items in the first category of word strings were actual sentences; items in the second category lacked inherent meaning but had a grammatical structure; items in the third category lacked both inherent meaning and grammatical structure. For Experiment 1b, the stimuli were 60 black-and-white line drawings coming from three categories: (a) everyday, inanimate objects; (b) "possible" novel objects; and (c) "impossible" novel objects (see Figure 1 for examples).
1 Possible objects are drawings of 3-D objects that could conceivably be produced in the real world. Impossible objects are drawings of 3-D objects that could not conceivably be produced in the real world. For Experiment 1c, 180 items were taken from Whittlesea and Williams (2000) , 60 of which were words, 60 of which were orthographically regular nonwords, and 60 of which were orthographically irregular nonwords (see Figure 1 for examples) .
For Experiment 1a, each study list consisted of 30 actual sentences, 30 grammatically structured nonsentences, and 30 grammatically unstructured nonsentences. For Experiment 1b, each study list consisted of 10 real objects, 10 possible objects, and 10 impossible objects. For Experiment 1c, each study list consisted of 30 actual words, 30 regular nonwords, and 30 irregular nonwords. The study lists were counterbalanced across participants so that even-numbered participants received the previous oddnumbered participant's nonstudied items at study. Each test list contained all items from the stimulus pool (180 word strings in Experiment 1a, 60 objects in Experiment 1b, and 180 letter strings in Experiment 1c).
Procedure. All segments of Experiments 1a-1c were conducted on a computer. Participants were told that they would be viewing a list of items (word strings, objects, or letter strings) and that their memory for the items would be tested afterward. Each item presented on the study list appeared singly in the top left corner of the monitor; the presentation order of the list items was randomly determined for each participant. For Experiment 1a, the study list was participant paced; that is, participants pressed the 1 key to move from one study string to the next. This was done to ensure that participants would have sufficient time to read all of the words in a given string. In addition, to ensure that participants were reading the entire string of words, we asked them to read each word string out loud. For Experiments 1b and 1c, each item on the study list was presented at a fixed rate of 2 s with an interstimulus interval of 1 s.
For all experiments, the test list immediately followed the study list. The presentation order of the test stimuli was randomly determined. Participants were told that half of the test items would be studied and half would be nonstudied items, and that they should press the 1 key if an item was studied and the 2 key if not. Each test item appeared singly in the top left corner of the monitor until the participant pressed either the 1 key or the 2 key, at which point the next test item was presented.
Results and Discussion
The data of primary interest are the false-alarm rates, as a hension-type effect would be shown if these were higher for the structurally regular items (grammatically structured nonsense strings, possible objects, or regular nonwords) than for the structurally irregular items (grammatically unstructured nonsense strings, impossible objects, or irregular nonwords). As can be seen in Table 1 , no hension effect was found in any of the three experiments.
In Experiment 1a, there was no difference between the proportion of false alarms given to grammatically structured nonsense strings and the proportion of false alarms given to grammatically unstructured nonsense strings, t(29) ϭ 0.22, SE ϭ 0.01, ns. A repeated measures analysis of variance (ANOVA) revealed that the false-alarm rates differed marginally among the three types of word strings, F(2, 58) ϭ 2.45, MSE ϭ 0.003, p Ͻ .10. However, the overall differences were such that actual sentences received Figure 1 . Sample stimuli from Experiments 1a, 1b, and 1c. Three categories of stimuli were used in each experiment: meaningful, nonmeaningful but structured, and nonmeaningful but unstructured. In Experiment 1a, meaningful stimuli were actual sentences, nonmeaningful but structured stimuli were grammatically structured nonsense strings, and nonmeaningful but unstructured stimuli were grammatically unstructured nonsense strings. In Experiment 1b, meaningful stimuli were line drawings of actual objects, nonmeaningful but structured stimuli were line drawings of structurally possible objects, and nonmeaningful but unstructured stimuli were line drawings of structurally impossible objects. In Experiment 1c, meaningful stimuli were actual words, nonmeaningful but structured stimuli were regular nonwords, and nonmeaningful but unstructured stimuli were irregular nonwords (taken from Whittlesea & Williams, 1998). more false alarms than either type of nonsentence stimulus. The difference between actual sentences and grammatically unstructured nonsentences was significant, t(29) ϭ 2.06, SE ϭ 0.01, p Ͻ .05, and the difference between actual sentences and grammatically structured nonsentences approached significance, t(29) ϭ 1.77, SE ϭ 0.02, p Ͻ .09.
For Experiment 1b, there was no difference between the proportion of false alarms given to structurally possible novel objects and the proportion of false alarms given to structurally impossible novel objects, t(43) ϭ 0.34, SE ϭ 0.04, ns, even though there was a significant effect of stimulus type on false-alarm rates, F(2, 86) ϭ 69.45, MSE ϭ 0.03, p Ͻ .001. False-alarm rates were lower for actual objects than for possible objects, t(43) ϭ 10.51, SE ϭ 0.04, p Ͻ .001, and for impossible objects, t(43) ϭ 10.83, SE ϭ 0.04, p Ͻ .001.
As in Experiments 1a and 1b, for Experiment 1c there was no difference between the proportion of false alarms given to regular nonwords and the proportion of false alarms given to irregular nonwords, t(29) ϭ 0.41, SE ϭ 0.04, ns. Again, a significant effect of stimulus type, F(2, 58) ϭ 18.02, MSE ϭ 0.02, p Ͻ .001, emerged. The differences in false-alarm rates for the various types of stimuli occurred between actual words and regular nonwords, t(29) ϭ 6.14, SE ϭ 0.03, p Ͻ .001, and between actual words and irregular nonwords, t(29) ϭ 5.06, SE ϭ 0.03, p Ͻ .001. As was the case in Experiment 1b, false alarms in the present experiment were lower for meaningful stimuli than for the other two kinds of nonmeaningful stimuli.
The hit rates for Experiments 1a-1c are also shown in Table 1 . For Experiment 1a, a repeated measures ANOVA on the hit rates revealed a significant effect of stimulus type, F(2, 58) ϭ 55.10, MSE ϭ 0.01, p Ͻ .001. Hit rates were higher for actual sentences than for grammatically structured nonsentences, t(29) ϭ 3.73, SE ϭ 0.04, p Ͻ .01, and they were higher for grammatically structured nonsentences than for grammatically unstructured nonsentences, t(29) ϭ 7.24, SE ϭ 0.02, p Ͻ .001. For Experiment 1b, the hit rates were highest for actual objects, second highest for structurally possible novel objects, and lowest for structurally impossible novel objects, F(2, 86) ϭ 51.16, MSE ϭ 0.04, p Ͻ .001. They were higher for actual objects than for possible objects, t(43) ϭ 7.62, SE ϭ 0.03, p Ͻ .001, and higher for possible objects than for impossible objects, t(43) ϭ 3.24, SE ϭ 0.05, p Ͻ .01. The hit rates for Experiment 1c are of the same general pattern as those from Experiments 1a and 1b: They were highest for actual words, second highest for regular nonwords, and lowest for irregular nonwords, F(2, 58) ϭ 17.09, MSE ϭ 0.03, p Ͻ .001. They were higher for actual words than for regular nonwords, t(29) ϭ 2.96, SE ϭ 0.04, p Ͻ .01, and higher for regular nonwords than for irregular nonwords, t(29) ϭ 4.44, SE ϭ 0.03, p Ͻ .001. . AЈ values were higher for drawings of actual objects than for drawings of structurally possible novel objects, t(42) ϭ 8.80, SE ϭ 0.03, p Ͻ .001, and, as is consistent with the structural regularity hypothesis, they were higher for drawings of structurally possible novel objects than for drawings of structurally impossible novel objects, t(41) ϭ 3.27, SE ϭ 0.05, p Ͻ .01 (Cohen's d ϭ 0.51). Note that discrimination performance for impossible objects was quite low, nearing chance. Still, this finding is consistent with the structural regularity hypothesis, which states that discrimination performance should be better for structurally regular than for structurally irregular items. Also note that this pattern is not dependent on a floor effect in the irregular condition: The pattern was also found in Experiment 1a, where there was no such floor effect.
For Experiment 1c, the mean AЈ value was highest for actual words, next highest for regular nonwords, and lowest for irregular nonwords, F(2, 58) ϭ 38.55, MSE ϭ 0.01, p Ͻ .001. Indeed, AЈ values were higher for actual words than for regular nonwords, t(29) ϭ 6.40, SE ϭ 0.02, p Ͻ .01, and, consistent with the structural regularity hypothesis, were higher for regular nonwords than for irregular nonwords, t(29) ϭ 3.70, SE ϭ 0.02, p Ͻ .001 (Cohen's d ϭ 0.69).
In sum, Experiments 1a-1c did not produce a hension effect, even when the same stimuli that were used in the original study by Whittlesea and Williams (1998) were used in Experiment 1c. What emerged instead across all of these experiments was support for the structural regularity hypothesis: Old-new discrimination was better for structurally regular novel items than for structurally irregular novel items, whether these items were word strings, pictures, or letter strings.
Experiment 2
Experiment 1c failed to replicate the hension effect. Furthermore, in searching the literature, we found no direct replications of Whittlesea and Williams's (1998) finding of higher false alarms to orthographically regular than to irregular nonwords. Although some recent studies in the literature have used Whittlesea and Williams's stimuli (e.g., Greene, 2004; Whittlesea & Williams, 2000 , 2001a , 2001b , these studies have only compared recognition of their actual words with recognition of their regular nonwords, without making the regular versus irregular nonword comparison. It is the regular versus irregular nonword comparison that is relevant to both the structural regularity hypothesis and the hension effect.
There were several methodological differences between the method used in Experiment 1c and that used in the original study by Whittlesea and Williams (1998, Experiment 3) . First, rather than dividing the total pool of stimuli in half for each participant (with half of the items assigned to studied status and half assigned to nonstudied status, as was done in Experiment 1c of the present study), Whittlesea and Williams randomly selected 40 of each item type (actual word, regular nonword, irregular nonword) for appearance at study. On the recognition test, only 20 of each set of 40 studied items were presented, along with 20 nonstudied items of each type.
Second, whereas Whittlesea and Williams's (1998) study list was participant paced, Experiment 1c used a fixed duration of 2 s per study item. Third, Whittlesea and Williams's participants first pronounced a given test item, then provided a lexical decision for it, and then gave it a recognition judgment; Experiment 1c involved only a recognition judgment at test. As a second attempt to replicate the hension effect, Experiment 2 was designed to be identical in methodology to that used by Whittlesea and Williams.
Method
Participants. Sixteen Iowa State University undergraduates participated in exchange for credit applied toward their introductory psychology courses.
Materials. Materials were the same as those used in Experiment 1c.
Procedure. The procedure was identical to that used in Experiment 1c with the following changes, made to more closely follow Whittlesea and Williams's (1998, Experiment 3) procedure. One hundred twenty of the 180 items were presented at study. The study list was participant paced; participants were instructed to press the 1 key when finished reading an item in order to move on to the next study list item. At test, only 20 of each type of studied item were presented (20 of the 40 words, 20 of the 40 regular nonwords, and 20 of the 40 irregular nonwords), along with the 20 nonstudied items from each of these categories. Also, participants were asked to make two types of responses prior to making a recognition judgment for each test item. When a test item was presented, participants were first asked to pronounce the item out loud and then press the 1 key. Upon pressing 1, they were asked to determine whether the test item was a word or a nonword by pressing 1 to indicate the former and 2 to indicate the latter. Upon indicating the word-nonword decision, participants were prompted to indicate whether the item was studied by pressing 1 for studied and 2 for nonstudied.
Results and Discussion
The false-alarm rates reported in Table 3 reveal that in Experiment 2, we replicated the findings of Whittlesea and Williams (1998) in showing that false alarms were greater for regular nonwords than for irregular nonwords, t(15) ϭ 2.26, SE ϭ 0.04, p Ͻ .05 (Cohen's d ϭ 0.58). Thus, the hension effect is a replicable phenomenon. Moreover, a 2 ϫ 2 Nonword Type (regular vs. irregular) ϫ Study Status (studied vs. nonstudied) repeated measures ANOVA revealed an overall increase in positive responses to regular nonwords, as shown by a main effect of nonword type, F(1, 15) ϭ 6.68, MSE ϭ 0.01, p Ͻ .05. There was no interaction between nonword type and study status, F(1, 15) ϭ 0.33, MSE ϭ 0.01, ns, suggesting that discrimination did not improve as a function of the regularity of the nonwords. In support of this conclusion, the AЈ values (shown in Table 4 ) did not differ significantly between regular and irregular nonwords, t(15) ϭ 0.20, SE ϭ 0.04, p ϭ .84. In short, under the circumstances presented in Experiment 2, an overall increase in positive responses to regular nonwords was shown, rather than a benefit to old-new discrimination for these items.
2 This finding is at odds with the structural regularity hypothesis.
Experiments 3a-3d
Having replicated Whittlesea and Williams's (1998) finding of a hension effect, our next priority was to attempt to establish the parameters under which this pattern will and will not occur. There were many methodological differences between Experiment 1c (where the hension effect was not found) and Experiment 2 (where the hension effect was found). It is unlikely that list construction or length played a role in the disappearance of the effect in Experiment 1c (see footnote 2). This leaves the additional tasks of overt pronunciation and lexical decision as possible contributing factors.
In Experiment 2 (as in Whittlesea and Williams's study), participants first pronounced the item, then provided a lexical decision for the item, and then gave a recognition judgment. It is plausible that overt pronunciation of the test items might contribute to the hension effect. Nonwords that resemble actual words can be pronounced with greater ease than nonwords that do not resemble actual words, as pronunciation times tend to be faster for the former than for the latter (Laxon, Masterson, Pool, & Keating, 1992; McCann & Besner, 1987; Peereman & Content, 1995) . Thus, overt pronunciation might contribute to the hension effect by drawing participants' attention to the fluency with which the regular nonwords can be pronounced.
It is less obvious why lexical decision should be important to obtaining the hension effect. Unlike pronunciation times, lexical decision times tend to be slower for nonwords that resemble actual words than for nonwords that do not resemble actual words (e.g., Coltheart, Rastle, Perry, & Langdon, 2001) , which would seem to be at odds with the notion of more fluent processing for these items. However, it is possible that engaging in the lexical decision induces subvocalization of the test items on the part of participants. If so, then the same mechanism that might drive the detection of fluency in the case of overt pronunciation might also drive the detection of fluency in the case of lexical decision: In both cases, participants may be detecting the fluency with which orthographically regular nonwords can be pronounced.
Experiments 3a-3d investigated the idea that pronunciation, whether overt or covert, contributes to the hension effect. All aspects of the methodology for Experiments 3a-3d were the same as those used in Experiment 2 with the following exceptions: In Experiment 3a, participants were not required to pronounce the items at test; in Experiment 3b, participants pronounced the items but did not perform the lexical decision judgment; in Experiment 3c, participants performed only the recognition judgment (no pronunciation or lexical decision); and in Experiment 3d, participants 2 An obvious methodological difference between Experiment 2 and Experiment 1c is that Experiment 2 contained two additional tasks at the time of test: overt pronunciation and lexical decision. However, there were other methodological differences between Experiment 2 and Experiment 1c. For example, the study and test lists were shorter in Experiment 1c. Therefore, to examine whether the critical difference in methodology between the two experiments was the addition of the pronunciation and lexical decision tasks at test in Experiment 2, we created another version of Experiment 2. This method was identical to that of Experiment 1c with the exception that the pronunciation and lexical decision components from Experiment 2 were added to the test procedure. A hension effect did emerge here: False alarms were higher for orthographically regular nonwords than for irregular nonwords, t(37) ϭ 3.33, SE ϭ 0.02, p Ͻ .01 (Cohen's d ϭ 0.55). There was a significant main effect of nonword type, F(1, 37) ϭ 19.61, MSE ϭ 0.02, p Ͻ .001, that was not qualified by an interaction, F(1, 37) ϭ 0.76, MSE ϭ 0.01, ns. performed the lexical decision and recognition judgments along with an articulatory suppression task. Repeating an utterance is a common method of suppressing subvocalization (which may take place during lexical decision); suppression using this means has been shown to be very robust, occurring with such expressions as "bla bla bla" and "cola cola cola" (see Baddeley, 1998 , for a review). In Experiment 3d, we had participants repeat "hi-ya hi-ya hi-ya" (Levy, 1971 ) during the lexical decision and recognition tasks.
Method
Participants. We tested 17 participants in Experiment 3a, 16 in Experiment 3b, 17 in Experiment 3c, and 39 in Experiment 3d.
Materials. Stimuli for Experiments 3a-3d were the same as those used in Experiment 2.
Procedure. The procedure used in Experiment 2 was modified as follows. For each test item in Experiment 3a, participants were first asked to determine whether the item was a word or a nonword and then to indicate whether the item had been studied. In Experiment 3b, participants were first asked to pronounce the item out loud and then prompted to indicate whether the item had been studied. In Experiment 3c, participants were merely asked to indicate whether a given test item had been studied. In Experiment 3d, participants were instructed to repeatedly say "hi-ya hi-ya hi-ya" out loud as they performed the lexical decision task and as they performed the recognition task. They were permitted to take a break from saying "hi-ya hi-ya hi-ya" in between trials.
Results and Discussion
Hit and false-alarm rates for Experiments 3a-3d are reported in Table 3 ; AЈ values are reported in Table 4 . As can be seen in Table  3 , a hension effect was obtained when participants were required to either perform a lexical decision judgment on the test item (Experiment 3a) or pronounce the test item aloud (Experiment 3b) prior to making the recognition judgment. In Experiment 3a, false alarms were greater for orthographically regular nonwords than for irregular nonwords, t(16) ϭ 2.37, SE ϭ 0.03, p Ͻ .05 (Cohen's d ϭ 0.59). A 2 ϫ 2 Nonword Type (regular vs. irregular) ϫ Study Status (studied vs. nonstudied) repeated measures ANOVA revealed an overall increase in positive responses to regular nonwords, as shown by a main effect of nonword type, F(1, 16) ϭ 7.33, MSE ϭ 0.02, p Ͻ .05. There was no interaction between nonword type and study status, F(1, 16) ϭ 0.39, MSE ϭ 0.008, ns, indicating that old-new discrimination did not improve as a function of nonword regularity. Furthermore, not only were the AЈ differences between regular and irregular nonwords insignificant, t(16) ϭ 1.18, SE ϭ 0.09, p ϭ .26, but the mean AЈ value was actually lower for regular than for irregular nonwords (see Table 4 ).
In Experiment 3b, false alarms were again greater for orthographically regular nonwords than for irregular nonwords, t(15) ϭ 2.53, SE ϭ 0.05, p Ͻ .05 (Cohen's d ϭ 0.65). A significant main effect of nonword type was also found, F(1, 15) ϭ 9.36, MSE ϭ 0.03, p Ͻ .01, and as in Experiment 3a, it was not qualified by an interaction, F(1, 15) ϭ 0.03, MSE ϭ 0.01, ns. Also, the AЈ values did not differ significantly for regular and irregular nonwords, t(15) ϭ 0.49, SE ϭ 0.03, p ϭ .63, and the differences between the two mean AЈ values were not even in the direction of an advantage in memory for regular nonwords.
In contrast, when neither pronunciation nor lexical decision was required prior to the recognition judgment (Experiment 3c), no hension effect was found. Although there was a significant main effect of nonword type, F(1, 16) ϭ 7.29, MSE ϭ 0.022, p Ͻ .05, the main effect was qualified by the fact that the interaction was marginally significant, F(1, 16) ϭ 4.07, MSE ϭ 0.02, p ϭ .06, and by the fact that although the false-alarm rates were shown not to differ between the two conditions, t(16) ϭ 0.53, SE ϭ 0.03, p ϭ .60, the hit rates were significantly higher for regular than for irregular nonwords, t(16) ϭ 2.88, SE ϭ 0.05, p Ͻ .05. In support of the structural regularity hypothesis, the AЈ values were higher for regular than for irregular nonwords, t(16) ϭ 2.14, SE ϭ 0.03, p Ͻ .05 (Cohen's d ϭ 0.54).
Finally, when participants performed a lexical decision at test but also engaged in a concurrent articulation task (Experiment 3d), no hension effect was found. As can be seen in Table 3 , the mean false-alarm rate for orthographically regular nonwords was not significantly higher than that for irregular nonwords, t(38) ϭ 0.45, SE ϭ 0.03, p ϭ .66. The main effect from the 2 ϫ 2 Nonword Type (regular vs. irregular) ϫ Study Status (old vs. new) repeated measures ANOVA did not reach significance, F(1, 38) ϭ 2.71, MSE ϭ 0.02, p ϭ .11. However, as in Experiment 3c, a significant interaction emerged, F(1, 38) ϭ 5.21, MSE ϭ 0.03, p Ͻ .05 ( p 2 ϭ .12), such that discrimination between old and new nonwords was better for orthographically regular than for irregular nonwords. Experiments 3a-3d showed that the hension effect disappears when neither pronunciation nor lexical decision precedes recognition and when articulatory suppression is used at test. Thus, the hension effect may be driven by phonological factors. Regular nonwords are likely to be more fluently pronounced than irregular nonwords, and pronunciation (whether overt or covert) may be needed to draw attention to this fluency.
Experiment 4
Experiment 4 examined whether a hension-like effect would be found with the sentence and nonsentence stimuli used in Experiment 1a when tasks analogous to pronunciation and lexical decision precede the recognition judgment. We added the additional tasks of reading a word string out loud and making a sentencenonsentence judgment to the test procedure used in Experiment 4. The sentence-nonsentence judgment was intended to be analogous to the lexical decision (in which a word-nonword judgment is made). As mentioned, there is evidence to suggest that structured nonsense strings are processed more fluently than unstructured nonsense strings (e.g., Miller & Isard, 1963) ; thus, it is conceivable that reading the strings aloud and making a sentencenonsentence judgment on them will draw participants' attention to the surprising fluency with which grammatically structured nonsense strings can be processed. However, if the hension effect is driven more so by phonological factors than by more general fluency, one would expect not to find an analogue to it in this paradigm.
Method
Participants. Thirteen Iowa State University undergraduates participated in exchange for credit applied toward their introductory psychology courses.
Materials. Stimuli were the same as those used in Experiment 1a (actual sentences, structured word nonsense strings, and unstructured nonsense strings; see Figure 1 for examples).
Procedure. The procedure was identical to that used in Experiment 1a with the exception that two tasks analogous to the pronunciation and lexical decision tasks from Experiment 2 were inserted into the recognition test procedure. The analogue to the pronunciation task was to read the word string out loud. The analogue to the lexical decision task was to make a sentencenonsentence judgment by pressing 1 if the string was a sentence and 2 if the string was not a sentence. Before beginning the test, participants were given examples of actual sentences and nonsentences so that they would understand that in this task, a sentence was a string of words that made sense and a nonsentence was a string of words that did not make sense. As in Experiment 2, both of these tasks preceded the recognition decision.
Results and Discussion
Even with the addition of the pronunciation and sentencenonsentence judgment tasks to the procedure, there was no hint of a hension-like effect. False alarms were greater for unstructured than for structured nonsense strings (see Table 5 for means), which (though not significant) is the opposite of the pattern one would expect if an analogue to the hension effect were occurring, t(12) ϭ 1.17, SE ϭ 0.02, p ϭ .26. 4 As a whole, the pattern found in Experiment 4 replicated that found in Experiment 1a. Although the false-alarm rates between structured and unstructured nonsense strings did not differ significantly, the hit rates did: They were significantly higher for structured than for unstructured nonsense strings, t(12) ϭ 3.71, SE ϭ 0.04, p Ͻ .01. Further analysis of the data revealed that the main 3 Three participants were excluded from this analysis because AЈ values could not be computed for every condition.
4 Some might be concerned that the reason the hension effect was not found with the word string stimuli is that overall discrimination was extremely high with these stimuli (the mean AЈ values for Experiment 3 were higher than those found in Experiments 2, 3a, 3b, 3c, and 3d) and the false-alarm rates for nonsense strings were nearly at floor (.06 and .08 for regular and irregular nonwords, respectively). To examine the possibility that a hension effect would emerge with nonsense word strings when overall false-alarm rates were increased to the levels shown for nonwords in Experiments 2, 3a, 3b, 3c, and 3d, we conducted an additional variation of Experiment 4 in which attention was divided at encoding. Here, 13 participants were engaged in a tone-matching task during study-list presentation. This divided-attention task succeeded in increasing false alarms, which were .28, .30, and .30 for actual sentences, structured nonsense strings, and unstructured nonsense strings, respectively. Note that these false-alarm rates for nonsense strings were comparable to those shown in Experiments 2, 3a, 3b, 3c, and 3d with nonwords. Even so, no hension effect emerged with the nonsense strings, as the means were identical for structured and unstructured nonsense strings, t(12) ϭ 0.17, SE ϭ 0.09, p ϭ .87. Table  5 ) were significantly higher for structured than for unstructured nonsense strings, t(12) ϭ 3.66, SE ϭ 0.02, p Ͻ .01 (Cohen's d ϭ 1.06). In support of the structural regularity hypothesis, these findings suggest that even with the additional tasks of reading aloud and sentence-nonsentence judgment, adherence to structural regularity will generally improve memory for nonsense word strings. Taken together, all of the experiments presented thus far suggest that the hension effect may be limited in generality. The effect does not occur with structured and unstructured nonsense strings or with possible and impossible objects, both of which should be analogous to orthographically regular and irregular nonwords. Furthermore, even with word and nonword stimuli, the hension effect appears to be limited to testing situations that require overt vocalization or encourage subvocalization (as may be the case in lexical decision).
Experiment 5
The purpose of Experiment 5 was to more closely examine why the hension effect in our study has been limited to these particular circumstances. One explanation for the present pattern of results is that the hension effect stems from the surprising fluency with which the orthographically regular nonwords can be pronounced, and that overt or covert pronunciation must take place in order for participants to detect the surprisingly fluent pronunciation of these items. An alternative explanation is that rather than being surprisingly fluent, the nonstudied regular nonwords phonologically resemble studied items more often than do the nonstudied irregular nonwords and the nonstudied words. A close inspection of Whittlesea and Williams's (1998) stimuli reveals that items in the pool of orthographically regular nonwords may be more phonologically similar to other stimulus items than items in the pools of irregular nonwords or actual words. For example, the regular nonwords subble and subben strongly resemble one another phonologically. As another example, the regular nonword hension strongly resembles the actual word tension, which is in the pool of possible actual words. We observed that such interstimulus similarities are far less frequent for orthographically irregular nonwords (like stofwus and pnertap).
Phonological similarity to studied items has been shown to increase false-alarm rates in studies of false memory (Westbury, Buchanan, & Brown, 2002) . If a greater degree of phonological interstimulus similarity exists for the regular nonwords compared with the irregular nonwords and is the cause of the hension effect, then either overt or covert pronunciation of the items at test may be needed to draw participants' attention to the phonological resemblance of the items. Still, Westbury et al. (2002) found a phonological false-alarm effect without having participants pronounce the test items. Note that in the present study, where we do not find the hension effect we do find a benefit to old-new discrimination for the structurally regular items. This suggests that there may be two effects opposing one another in the present study: Whereas structural regularity increases old-new discrimination (and therefore decreases false alarms), interstimulus similarity tends to increase false alarms. When participants' attention is drawn to the phonological features of the test items through overt or covert pronunciation, as in Experiments 2, 3a, and 3b, the influence of interstimulus phonological similarity may be enhanced, increasing false alarms for the regular nonwords. When overt or covert pronunciation is not required or is prevented, as in Experiments 1c, 3c, and 3d, the benefit of structural regularity may dominate, leading to improved old-new discrimination for regular nonwords relative to irregular nonwords.
To objectively examine our observation that the regular nonwords used by Whittlesea and Williams (1998) might be higher in phonological interstimulus similarity than the other stimulus items, we computed an index of interstimulus phonological similarity for their stimulus items. Computing the degree of phonological similarity between multisyllabic items is complex (e.g., Mueller, Seymour, Kieras, & Meyer, 2003) . As a rough index of each stimulus item's phonological similarity to the other items in the stimulus pool, for each item, we counted the number of stimulus items in the pool sharing either three initial phonemes or three final phonemes (or both) with that item. A one-way between-items ANOVA with the factor stimulus type (word, regular nonword, irregular nonword) performed on this phonological similarity index was significant, F(2, 177) ϭ 14.24, MSE ϭ 3.91, p Ͻ .001. Our index was indeed higher on average for the orthographically regular nonwords (M ϭ 2.57, SE ϭ 0.32) than for either the irregular nonwords (M ϭ 0.65, SE ϭ 0.10), t(118) ϭ 5.74, SE ϭ 0.33, p Ͻ .001, or the actual words (M ϭ 1.45, SE ϭ 0.29), t(118) ϭ 2.60, SE ϭ 0.43, p Ͻ .05, used by Whittlesea and Williams. These findings suggest that a nonstudied item in the regular nonword pool would have a greater chance of resembling studied items than would a nonstudied item in the other two pools. Because items that resemble studied items tend to show greater false-alarm rates than items that do not resemble studied items (Clark & Gronlund, 1996; Westbury et al., 2002) , this could produce the hension effect. Indeed, in Experiment 2, where we replicated the hension effect, our phonological interstimulus similarity metric was significantly correlated with the false-alarm rate for all stimulus types. The correlations were as follows: for regular nonwords, r ϭ .44 ( p Ͻ .001), for irregular nonwords, r ϭ .42 ( p Ͻ .005), and for words, r ϭ .55 ( p Ͻ .001).
If similarity to actually studied items contributes to the hension effect, then it is necessary to determine whether the effect will still be found under circumstances in which this potential confound is eliminated. In Experiment 5, therefore, we selected a new set of stimuli and explicitly controlled for the amount of phonological similarity to other items within the stimulus pool. Prior to selecting the nonword stimuli, it was necessary to more precisely define what makes a nonword orthographically "regular" as opposed to "irregular." Whittlesea and Williams's (1998) regular nonwords were "easy to pronounce," whereas their irregular nonwords were "difficult to pronounce" (p. 149). Although the terms regular and irregular are most often used to describe a dichotomous variable, the dimension of relative pronounceability is a continuous one.
What nonword features determine relative pronounceability? Word recognition researchers often characterize "orthographically regular" nonwords as having a relatively large number of orthographic and/or phonological neighbors and "orthographically irregular" nonwords as having fewer orthographic and/or phonological neighbors. The number of orthographic neighbors (orthographic-N) is the number of existing words that can be created by changing any one of the word's letters (preserving letter positions; Coltheart, Davelaar, Jonasson, & Besner, 1977) . The number of phonological neighbors ( phonological-N) is the number of existing words that can be created by changing any one of a word's phonemes (e.g., Yates, Locker, & Simpson, 2004) .
It has long been known that a nonword's N value (be it orthographic-N or phonological-N) plays a role in how fluently it will be pronounced (Laxon et al., 1992; McCann & Besner, 1987; Peereman & Content, 1995) . Therefore, one would expect that nonwords selected for ease of pronunciation would have higher N values than those selected for difficulty of pronunciation. As predicted, Whittlesea and Williams' orthographically regular nonwords had larger orthographic-N values (M ϭ 1.25, SE ϭ 0.25) than their orthographically irregular nonwords (M ϭ 0, SE ϭ 0). If surprising fluency of pronunciation drives the hension effect, as claimed by Whittlesea and Williams (1998) , it should be possible to find a hension effect with a new set of nonwords that vary in N such that "regular" nonwords have significantly higher N values than "irregular" nonwords, even when interstimulus phonological similarity is controlled for. However, if the hension effect is driven by interstimulus phonological similarity and not by surprising fluency, then controlling for interstimulus phonological similarity should eliminate it. Instead, we should find improved old-new discrimination for structurally regular nonwords, as predicted by the structural regularity hypothesis.
Method
Participants. Twenty-four Iowa State University undergraduates participated in exchange for credit applied toward their introductory psychology courses.
Materials. Nonword stimuli consisted of monosyllabic nonwords selected from the ARC Nonword Database (Rastle, Harrington, & Coltheart, 2002) . Nonwords having orthographic-N values of greater than 12 were selected for the high-N pool, and nonwords having orthographic-N values of less than 10 were selected for the low-N pool. Although selection was based primarily on number of orthographic neighbors, orthographic-N and phonological-N were permitted to covary. Thus, highorthographic-N nonwords tended to also be highphonological-N nonwords and vice versa. Word stimuli were selected to be comparable in length to the nonword stimuli used (M ϭ 4.23 letters).
In addition to creating a new set of regular and irregular nonwords by varying neighborhood size, a specific goal of Experiment 5 was to control the amount of interstimulus phonological similarity between the two types of nonwords. It is important to note that interstimulus phonological similarity is not the same as phonological N. The latter is a measure of the nonword's phonological similarity to all the words in the lexicon, whereas the former is a measure of its phonological similarity to other stimulus items in the experiment. To control interstimulus phonological similarity, we modified the pool of potential stimuli in an iterative process until the interstimulus similarity (as indexed by the number of phonological neighbors within the stimulus pool) was equal for the high-N and low-N nonwords (the mean number of stimulus pool neighbors per item was 1.65 for both types of nonwords). Other characteristics of the nonword stimuli used in Experiment 5 are shown in Table 6 .
Procedure. To increase the likelihood of finding a hension effect, the procedure was identical to that used in Experiment 2 and by Whittlesea and Williams (1998) .
Results and Discussion
No hension effect was found in Experiment 5. As can be seen in Table 7 , when phonological interstimulus similarity was controlled for, false-alarm rates were actually higher for low-N nonwords than for high-N nonwords, t(23) ϭ 2.92, SE ϭ 0.03, p Ͻ .01 (Cohen's d ϭ 0.61), which is the opposite of the hension effect. To understand this opposite effect, it is necessary to place the falsealarm rates within the context of the hit rates. Specifically, this finding appears to be the result of improved discrimination for high-N relative to low-N nonwords, as predicted by the structural regularity hypothesis. A 2 ϫ 2 Nonword Type (high-N vs. low-N) ϫ Study Status (old vs. new) repeated measures ANOVA revealed a significant interaction, F(1, 23) ϭ 9.80, MSE ϭ 0.01, p Ͻ .01, such that old-new discrimination was better overall for high-N than for low-N nonwords. The AЈ values were consistent with this finding, as they were significantly higher for high-N nonwords than for low-N nonwords, t(23) ϭ 3.13, SE ϭ 0.02, p Ͻ .01 (Cohen's d ϭ 0.65). No significant main effect of nonword type was found, F(1, 23) ϭ 1.64, MSE ϭ 0.02, p ϭ .21. Taken together, these results suggest that the hension effect is driven by interstimulus phonological similarity rather than by surprising fluency of the regular nonwords. When the interstimulus phonological similarity confound is eliminated, the tendency is for im- Note. High-N and Low-N nonwords differed significantly from one another on both the number of orthographic neighbors, t(118) ϭ 24.18, SE ϭ 0.40, p Ͻ .001, and the number of phonological neighbors, t(118) ϭ 5.13, SE ϭ 1.71, p Ͻ .001, in the English language. They did not differ significantly in number of letters, t(118) ϭ 1.37, ns, or in number of phonemes, t(118) Ͻ 1.0, ns. Note that they did not differ in level of interstimulus phonological similarity (similarity to other stimulus items).
proved old-new discrimination for regular nonwords relative to irregular nonwords.
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General Discussion
Overview of the Present Findings: Support for the Structural Regularity Hypothesis
In the present study, we attempted to resolve a discrepancy in the literature regarding recognition memory for structurally regular novel stimuli relative to structurally irregular novel stimuli. Whereas some prior evidence supports the structural regularity hypothesis in showing improved memory for structurally regular novel items (e.g., Miller, 1958; Schacter et al., 1995) , other prior evidence supports the discrepancy-attribution hypothesis in showing an increase in false-positive recognition judgments, rather than improved memory, for structurally regular novel items (e.g., Whittlesea & Williams, 1998) . The present study suggests that the latter finding results when structural regularity is confounded with interstimulus similarity. When interstimulus similarity is controlled for, the generalizable tendency is for better old-new discrimination for structurally regular novel items compared with structurally irregular novel items.
Implications for the Discrepancy-Attribution Hypothesis
Seeking support for the discrepancy-attribution hypothesis by examining recognition memory for words, orthographically regular nonwords, and orthographically irregular nonwords and searching for increased false alarms to regular nonwords is inarguably a clever idea. However, the present results suggest that this hension effect (Whittlesea & Williams, 1998) may be limited to situations in which the surprising fluency of regular nonwords is confounded with similarity to actually studied items. In fact, when the interstimulus similarity confound is eliminated, results support the structural regularity hypothesis. Taken together with other findings in the literature (e.g., R. Reber, Zimmerman, & Wortz, 2004) , the evidence that regular nonwords produce a surprising sense of fluency that is then attributed to study status appears to be fairly weak. Thus, the present results suggest that the hension effect should no longer be cited as empirical evidence for the discrepancy-attribution hypothesis.
Where does this leave the discrepancy-attribution hypothesis? There are three general classes of evidence in the literature that are cited as support for the discrepancy-attribution hypothesis. The first class consists of those studies making between-items comparisons of structurally regular and irregular nonmeaningful stimuli (e.g., Whittlesea & Williams, 1998) . The second class consists of those studies that compare meaningful and nonmeaningful stimuli (e.g., Whittlesea & Williams, 2001a) . The third class consists of studies that manipulate task or context rather than stimulus type (e.g., Whittlesea & Williams, 2001b) . The present study compromises the first two of these three sources of support for the discrepancy-attribution hypothesis.
The first class of evidence is relevant to the structural regularity hypothesis, as it involves comparisons between structurally regular and irregular novel stimuli. The present results suggest that this general class of evidence should not be cited as support for the discrepancy-attribution hypothesis; structurally regular novel stimuli do not generally show a greater tendency toward false-positive responses than structurally irregular novel stimuli unless an interstimulus similarity confound is present. Indeed, unless interstimulus similarity has been explicitly controlled for, caution should be exercised in interpreting between-items comparisons of falsealarm rates in studies of recognition memory. The following is an example of an experiment to which this applies. Whittlesea and Williams (2001a, Experiment 3) compared known tunes, structurally regular novel tunes, and structurally irregular novel tunes. An 5 It could be argued that Whittlesea and Williams's regular and irregular nonwords were not analogous to high-N and low-N nonwords but rather consisted of low-N (regular) and no-N (irregular) nonwords. However, we conducted another variation of Experiment 5 in which neighborhood size was confounded with interstimulus similarity such that high-N nonwords phonologically resembled other stimulus items more frequently than low-N nonwords. In this experiment, the stimuli were monosyllabic, and our index of phonological similarity was the number of phonological neighbors across the stimulus set. This index was higher on average for the high-N nonwords (M ϭ 2.47, SE ϭ 0.21) than for the low-N nonwords (M ϭ 1.43, SE ϭ 0.18), t(118) ϭ 3.77, SE ϭ 0.27, p Ͻ .001, or for the actual words (M ϭ 1.03, SE ϭ 0.16), t(118) ϭ 5.41, SE ϭ 0.27, p Ͻ .001. In this experiment, we found a hension effect. Specifically, the mean false-alarm rate was higher for high-N nonwords than for low-N nonwords, t(27) ϭ 2.39, SE ϭ 0.03, p Ͻ .05 (Cohen's d ϭ 0.46). As with Whittlesea and Williams's stimuli, we found that the correlation between our index of interstimulus phonological similarity and the false-alarm rate was significant for high-N nonwords (r ϭ .37, p Ͻ .005), for low-N nonwords (r ϭ .42, p Ͻ .005), and for our actual words (r ϭ .37, p Ͻ .005). Taken together with the results of Experiment 5, these findings support the idea that the hension effect results from an interstimulus similarity confound; it is found only when interstimulus similarity is confounded with regularity (or pronounceability). effect analogous to the hension effect emerged; however, it is not clear whether interstimulus similarity was explicitly controlled for in this study. In fact, the following description of the stimuli suggests that such a confound may be present:
We also created 40 novel but well-structured tunes, designed to be involved and interesting. We used a variety of devices to make them so, including varied key signatures, pitching the tunes in different octaves, key shifting from minor to major, and various rhythmic, tempo, and melodic transitions. Many of these novel tunes had a somewhat bluesy feel. Others had a strong and staccato attack. (Whittlesea & Williams, 2001a, p. 6) If well-structured novel tunes tended to resemble one another (such as if many well-structured tunes had a bluesy feel to them) and ill-structured novel tunes did not share such a resemblance to one another, this would present a situation similar to that shown with the hension nonwords.
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The second class of evidence commonly cited in support of the discrepancy-attribution hypothesis involves comparing meaningful with nonmeaningful stimuli, as in the pseudoword effect. The pseudoword effect is the finding that nonwords tend to receive more positive responses on tests of recognition than actual words (e.g., Greene, 2004; Whittlesea & Williams, 2000 , 2001a . For a discussion of the pseudoword effect in the present study, see Appendix A. The pseudoword effect is not relevant to the structural regularity hypothesis because it does not involve a comparison of regular versus irregular nonmeaningful stimuli. However, the pseudoword effect also does not provide unequivocal support for the discrepancy-attribution hypothesis. Greene (2004) argued that the pseudoword effect may result from the fact that the semantic properties of words lead them to be more distinct than nonwords. Because nonwords lack semantic distinctiveness, they will tend to resemble one another more than will words, thereby increasing the proportion of positive responses to these items relative to words. In short, the pseudoword effect may result from an interstimulus similarity confound of a different kind than that shown to produce the hension effect. Even careful efforts to match words and nonwords for orthographic and phonological similarity (e.g., using matched word-nonword pairs such as single and pingle; Whittlesea & Williams, 2000 , Experiment 2) will not eliminate an interstimulus similarity confound based on semantic features. Because this type of similarity confound cannot be controlled for in the comparison of words and nonwords, studies of the pseudoword effect should not be cited as support for the discrepancy-attribution hypothesis.
The third class of evidence cited as support for the discrepancyattribution hypothesis involves studies in which the task or context is manipulated rather than the stimuli. However, this class of evidence supports the more general idea that people may attribute feelings of surprise to study status rather than the idea that perceived discrepancy is surprising and consequently attributed to study status. For example, Whittlesea and Williams (2001b, Experiment 1) presented participants with a study list of words, followed by a test in which probes were preceded by sentence stems. False alarms to the probes were increased when the stems were somewhat predictive of the probe word and there was a pause prior to the probe (e.g., "They swam and played at the . . . BEACH"). However, if the probe immediately followed the stem, no increase in false alarms was observed. Whittlesea and Williams suggested that the illusion of familiarity in this experiment depended on uncertainty created by the pause. The predictiveness of the stems allowed participants to develop an expectation regarding the probe, and when this expectation was realized with a studied item after a pause, participants experienced a sense similar to that of surprise. It may seem contradictory that the realization of an expectation could produce the perception of discrepancy. In an attempt to resolve this apparent contradiction, Kronlund and Whittlesea (2006) used the example of "waiting for the other shoe to drop":
The phrase, as it is used today, means that one is patiently waiting for something to happen that is expected. The waiting period is a period of uncertainty; when the outcome occurs, the person experiences a surprising resolution from not knowing exactly when it will occur. Thus, the experience of a surprising validation is termed the perception of discrepancy, and not simply discrepancy, because the term is not meant to describe the stimulus (a discrepant stimulus would not be an expected one); rather, it is meant to describe the subjective feeling of surprise, arising from some sort of uncertainty given the context. (p. 1175) Though this third class of evidence is not as commonly cited in support of discrepancy attribution as the hension effect or the pseudoword effect, our results do not directly compromise this class of evidence, leaving open the possibility that support for discrepancy attribution can be found here. However, one could call into question whether the results of these studies necessarily reflect a perception of discrepancy, or even a sense of surprise, as alternative explanations may exist. For example, perhaps the pause draws participants' attention to the relative fluency of recently presented items and it is a case of general fluency attribution. In any case, the results of these studies do not in any way conflict with predictions of the structural regularity hypothesis.
In short, the present study undermines the two most commonly cited pieces of evidence for discrepancy attribution: the hension effect and the pseudoword effect. Both may result from interstimulus similarity (phonological interstimulus similarity in the former case; similarity due to a lack of semantic distinctiveness in the latter case). Other evidence for discrepancy attribution comes from studies that manipulate context, rather than comparing items. However, further investigation of these effects is needed to rule out alternative explanations. 6 We did not explicitly control for interstimulus similarity in our word string (Experiment 1a) and object (Experiment 1b) stimuli. It is difficult to control for all factors that might contribute to interstimulus similarity with nonsense word strings and with novel visual objects. However, if an interstimulus confound were present with these novel stimuli in the present study, one would expect to see an increase in positive responses (particularly, false alarms) for one type of item. No such increase was found in the comparison between structurally regular and irregular nonsense word strings or between possible and impossible novel objects. Still, it is possible that interstimulus similarity is reducing the benefit of structural regularity on memory for these items (relative to what the benefit would be if they were matched in terms of interstimulus similarity).
A Note of Caution About Between-Items Comparisons in Research
At a more general level, the present findings underscore the potential risk involved in making between-items comparisons. If one stimulus set differs systematically from its comparison set on any dimension, then the results may be attributable to that systematic difference between the sets, rather than to the intended experimental manipulation. In the case of the hension effect, the intended experimental manipulation was the surprising fluency of the test items, which was shown here to be confounded with level of interstimulus phonological similarity. The situation presented here is not unique, as such item selection artifacts have been shown to play a role in other between-items comparisons as well. For example, Lovatt, Avons, and Masterson (2000) showed that the disyllabic word length effect failed to emerge when such potentially confounding factors as word frequency, familiarity, and number of phonemes had been matched across conditions. Also, regarding the word frequency mirror effect, Nelson and Shiffrin (2005) recently pointed out that "words that differ in frequency differ in essentially every other word characteristic that can be measured" (p. 22). Therefore, the present findings add to a growing body of work highlighting the risks involved in making between-items comparisons in research.
The Role of Structural Regularity in Recognition Memory
Given the empirical support found in the present study for the structural regularity hypothesis, an important question is why adherence to a known structural regularity should benefit recognition memory for otherwise novel stimuli. The structural regularity effect shown in the present study may be a variant of the levels-of-processing effect (e.g., Craik & Tulving, 1975; Lockhart & Craik, 1990) . It may be easier for people to apply meaning to nonsensical stimuli when those stimuli are structurally regular. For example, people have a tendency to apply meaning to nonsense syllables, which lack inherent meaning (e.g., associate TAL with the word TALLY; Glaze, 1928; Noble, 1952) . Applied to the present study, regular nonwords (e.g., tibble) may provoke thoughts of similar-sounding or similar-looking English words, which in turn may facilitate encoding of the items into memory. As another example, possible novel objects may provoke thoughts of possible uses of the object, which in turn might facilitate encoding into memory. In short, adherence to structural regularity may facilitate elaborative encoding of otherwise novel stimuli, leading to better memory for these items than for nonstructured items.
On the Relation of the Present Results to the Mirror Effect
The benefit of adherence to structural regularity on memory for novel stimuli manifested itself in the form of a nonword mirror effect in Experiment 5: The hits were higher and false alarms lower for high-N nonwords than for low-N nonwords. Why was this nonword mirror effect not evident in the experiments preceding Experiment 5? The presence of the interstimulus phonological similarity confound in those experiments likely obscured the mirror pattern, as the higher level of interstimulus similarity associated with the regular nonwords tended to increase false alarms to them. When interstimulus similarity is held constant among nonwords, a mirror pattern should generally be obtained such that old-new discrimination is better among regular than among irregular nonwords. As mentioned previously, it is more difficult to quantify interstimulus similarity for visual objects and for word strings; thus, interstimulus similarity was not explicitly held constant in Experiments 1a and 1b, making it unclear whether interstimulus similarity might have been obscuring a potential mirror pattern in those experiments. Still, the visual objects in Experiment 1b resulted in a trend toward a mirror pattern such that hits were higher and false alarms lower for possible than for impossible objects. Also, in Experiment 4, the word strings showed a similar trend.
In addition to the nonword mirror effect shown in Experiment 5, a word-nonword mirror effect was shown in many of the experiments preceding Experiment 5: Words often received higher hit and lower false-alarm rates than nonwords, which is contrary to the results of prior studies showing the pseudoword effect; generally, hit and false-alarm rates are higher for nonwords than for words (e.g., Hintzman & Curran, 1997) . However, in Experiment 5, we show a pseudoword effect: Both the hit and the false-alarm rates were higher for nonwords than for words. The difference between the pattern shown in Experiment 5 and that shown in the experiments preceding Experiment 5 is likely attributable to stimulus differences. Namely, the word and nonword stimuli in the experiments preceding Experiment 5 were those used by Whittlesea and Williams (1998) , whereas different stimuli were used in Experiment 5. The words used in the experiments preceding Experiment 5 had a mean frequency of 39.93, whereas the words used in Experiment 5 had a mean frequency of 114.16. Higher frequency words tend to elicit lower hit and higher false-alarm rates than lower frequency words (Glanzer, Adams, Iverson, & Kim, 1993) . The fact that the words used in Experiment 5 were higher in frequency than those used in the preceding experiments likely contributed to the lower hit rates for words in Experiment 5 relative to the nonwords.
What likely further contributed to the pattern shown in Experiment 5 is the fact that the phonological interstimulus similarity index for the words was lower (M ϭ 0.91) than for the two types of nonwords from that experiment (M ϭ 1.65 for both types of nonwords) or for the words used in the preceding experiments (M ϭ 1.45). The higher level of phonological interstimulus similarity for the nonwords (relative to the words) in Experiment 5 might account for the greater proportion of positive responses to them. This raises the possibility that at least some instances of the pseudoword effect in previous studies result from greater phonological or orthographic interstimulus similarity among nonwords than among words. Because our primary interest was in the structural regularity hypothesis, our focus was on the comparison between regular and irregular nonwords, rather than on the wordnonword comparison. However, examining the role of interstimulus similarity in such phenomena as the pseudoword effect may be a fruitful avenue for future research.
Appendix A The Pseudoword Effect
Though it was not the focus, one can look for a pseudoword effect in the present study by comparing the mean proportion of positive responses given to regular nonwords with that given to actual words (as in Greene, 2004 ; see Table A1 ). There was a general trend toward more positive responses for regular nonwords than for words, although the magnitude of the pseudoword effect varied across the different experimental manipulations. This effect was significant in Experiment 3a, t (16) As noted by Greene (2004) , many factors can influence the magnitude of the pseudoword effect, especially factors that influence the likelihood of recollection-based responding (such as presentation duration). For example, Greene showed that the pseudoword effect was significantly reduced when the study duration was 3 s relative to when it was 1 s per item (see Greene, 2004, Experiment 5) . In many of the experiments reported here, the study list was participant-paced. Thus, the reduced magnitude of the pseudoword effects shown here relative to those shown by Greene can be explained in part by the differences in presentation rate between the two studies. As expected, the magnitudes of our pseudoword effects resemble those of Whittlesea and Williams (1998, Experiment 3) , whose methods our study followed closely. In both Whittlesea and Williams' Experiment 3 and the present study, this general trend is carried largely by the false alarms. 
